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Partially filled cylindrical-tank —- ~ -

. Tank moticn

Mement of inertis for ideal fluid and rigid body

Ratio of rorent of inert's_versus f;u;;;;zm ratio k/a
Correction of =osent of trereds for mnh.tim'l—ndmuon
(tnquone_y as mumgnﬂmtngiem constant)

Prase an-le of correction of moment of inertia for translaticnal
oscillation (frecuency ss urmtq_rL_ngihg cpo_fﬂ_cunt,,
~onstar.t)

Correerticn ~f =omen® of inertia Jor tranaslational cscillation .
(damping coefficient as Nrmur", ‘l‘nqune{eﬁmunﬁ .‘

Phase ansle of correcticn of rosent of inertia for trasnslaticral
osr lation (Mtng coafficient as ~erasster, frequency
constant) '

Correction of =cwant of inere!a for rotaticnal ;lehln.io;
(frequency u.p‘r.n_-.ur,_jnpmg coefficient constant)

Phase anels of correcticn of mowent of lrertia for rotattcmal
oscillation (frequency as parsreter, damping coefficient

constant)-

CorTection ¢ moment of ‘nertia for rotational cscillation

(dampAng cowfficieat as ~arameter, frequency constant) - --
Phase anels of .wctionaof soment of inortia for rotaticnal
oscillation (damping roefficient as rarawetsr, freauency

constant) T
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CPig. S

rig. ™1

Ratio of moment of inmertia °¢ luid and solid body versus

fluid heisht for #ifferent frequencies ind dasping (partially

filled tank) _

Phase mkh of nn; 'of Eant of inertia of fluld and solid

~ body versus fluid nesné for aifcerent frequencies ind

damping (partially filled tank)
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el SUWMRE,

-5 previous calculations, the moment of iner<ia of 2 licuid in a
circular oylindrical tank was trested se & mss-point or solid cylinde
rical bdody. Sinece, however, the moment of inmertia of the fluid is
considerably differmnt from those, the following inwstisaticn was
carrisd cut, “ o

The solutioms of the rluid dynamice equaticne were derivec for an
{deal fluid (tmnn:.’o'u'—md nonvincous) in & completely filled
cireunlar eylindrical tank, The moment of inertia of 'be 1asal fluid
W compared with the -nn.m. ef inertis of the same flo.d i & froten
state. Dus %0 '™ ea;puxny of the cass with fricticn, %o amping =~
oould bt incorporatad, But, it car be ssen that the Taluss of ‘he
momsut of inertisa retio %‘fll:vuh dasoine sre locatad tatwer tha
ratio of the ideal fluld case and unity.

™he roment of inertis of 3 liquid ir & partially filled tank 18
strongly frequency-4scendent. , It ‘h- sbtatned for translaticnal and
rotations] sotiom of the tank from tbe results of Reference 1.

Damping wae introduced as in Mafarence 2.
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To obtelin a mcra coriect value for thae control f:'ecmnq, in wvhich
the moment.of inertia.of the ~issile Apacars as L - , e fellowing
investipsntion was carried out,

Sinso tho 2203 in Wie tanks was considered 23 a ~as3 point in it
center of Tavity in the urdisturbed oosition of the. flutd, wch ohe
¥yiously 18 a very rcu-h ao_éroxi-.ation, 2 tetter i1corvncn was mmde by

so.ving the hydrodwmsnic ghuonl. ™he morent of inertla can then te
sclculated vith t..e ‘teoren of Stoiner for anyr pivor -o!.m.. Z +he moments
of inertis for a parsllel »nd rotational ~otion areund °=e center of
gravity of the un'riurbed fluid "re kmown, I Jrder 0 t'.x u:-u
valuve a tev rdditional tdrodynunic ~rodlans rad to b so.Ted for 8 oome
pletely anelou& fludid mase in the e~lindrissl ¢ark. (0212 tanki. The
] ' values for a partislly fillied tank can ce trken {ree refe~ence 1, e
daxping affect veg ~casiiared {n the same woy as (% vag “acen in Safa
erence 2.
ve consider 3 cylindrical tang [illed (co pletely or rart’-1lvi
with flutd. The =otlor of -hw fluid in 'ns ‘anc cruges : -oment around
thg cepter of crevity of (Ma undisturbes :luid, Since ‘e ament :8
ield 1)
*he acmant cf inertia I can oe obtaincd. Jor any pivot =oint of a tank
~0tion vo are adble %0 calculwts vith ‘ha “acpem ~f Stal-pr kg monent
of tneruis I, \f ve cvow Tie naments of lnertis of ‘orizcrtal snd rota.
“ional ~otions. .Jige o/
T e Otal women: of Lnerzia is
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e

eylirdrical coordL'_\.toi {See ilre 1)
velocity votentisls

tine

fluid Jensity

«ccaleration in sedirection
sresgure

fluid height

tak rodius

wtursl dreoular {requency cf- flud
~{raular farced ."rcqu.cr.cy . .
seli drplacemant in medirection
Lradirary wals

dstance of nivat ~aint 'o undisturved center
£ ety of luid

20l) aa,ular U locesent around center af
sravity o udisturbea f1uid

Tluid momant wround certar of ,revity of une
asturoed luld {(pes. 11 ciockwise direction)

Allnl. Ninction 3f e order Vv of 'Ne first kind

:oros ¢f “hre fL-s: .erivative ¢f ve iuu.d.
fanction o1 first =rder and firsr kKind. L )=

e 1,3, ¢ - )

=sasy i‘flarentiail with respect to Llw ¢
I BT YT

s a.ent Af lzertin
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I ubecrip! nar. teanst for narllil -stian

Subeeript rot. nearet  for rosaticral Totion around y-axis

1 IV, CSOMPLITELY [T LFD TYLIIDRICAL TANK

¥e consider lare a comrletely filled cylimrical tark , in whick
wve 40 rot have & {ree {luid surface.

T

(a) Trenslctive ifeiden Tl 1)

Jince wa ~nstder the flUd ircorpraseitle, we Urmediately
sae tha: o narent jor - ful' ‘a.x for transiative nqt.ion is zaro.
' M e (3)
he ﬁon--l fouls v iceities at tle tan¢ cuminriss are the
sams 29 .fe boundary velceitlics .'.6:'.'-.-: *c itself, or inviscid fluid
ve have %o solve (3an Raf, 1!

A% -0 (L)

with the houndary ~mditions

1,
)i s 0 for z-g-;f At bottem and ‘*cp

2

. . (5)
Ei LAY N ) Ut«.as;l for Te a ut uank wvall
Ar

Either by phyeical consideration cr by solvimg this equation with
the -ivon houndary conditicrs £° cai b foum that <@ velocity notential

18 independent fror tie axiai *xgdinate s axd is

G- ?) = L xae Cr s 2
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3ince ine pressurcs at e .ouraries are

Pl ® - g(%fjﬁa.;. Yb ( _} "l)' ?le.ciufatos ¢-,‘ ?b(s —1}7‘

) vt ,
Peap ® '?(—'a% ey ¥ Quw'x,e" " v cos ﬁ 3

2 1at .
o =~ 0RL), + obh = gt Freac g 4 b o
4
and the m»xng ]

:71- a.SS p.....,-Lccs,;ﬂAz:ip +
v -h

-y " (2
) g.('p“m- Ff-,-) r‘msﬁdr ip
s o _
we finally fiad 7 tne trrrmaictiva ~oticn o
.‘(p". =0 I.'.“. =0 (3d)

(v) *hotartional ‘otiusn Fir, 1)

Sap an oscilictiza £rvund the < axi9 19 saow 11 firc, D

we argll obtain the moment c: insrtia I__ .. ‘v lave t0 sclve {(See

teR e

ef. 1) ‘he Laplace oquaticn
AP -5 "12)
with *he baurdary ccrdtione

P

: t
RY Wil Qe zw‘_ﬁ forr ea

_’ég a4 ;w9.¢wtrcos¢ e




The veloclty potentisi § . @ {g(’,t) is tryvwformed La'a & tLwe
toiependent potential 'Y (r ﬁ, %) by
g~ ¥t ()

wvhich flfills ‘he Laplace ecuation

AY =0 (18)
and has he boupdary conditions ' )
S
a‘{' v b £
3z r»;u9.rqos¢ for l'_% (18)

I3 order % raks the “irst boundary condi‘ion homogeneous, 44 latroduce

the ‘anaformaticn

Yed - wwhzruws g _—
and obdtain & new set of aquations ,
A[P - Q "13)
.P_?. =0 : fuv Tl

. 1
%flt“&"‘@ﬁ {o' z-!% 2

he solution of he h.'phco equation
AP .o (20)
s (see App.nux)

Dirgz)= 2. / {A cosh (haz) +B ,,unh{a.l)i (21)
(s Dyt ()] L (i)
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Frum the boundary condi‘ions it was found, ‘hat

vel }
ina‘n?.
C 20 bﬂ- IR APES ¢
nes va(et=1) I,(e.) cosh (2 D)
' A-.-O; ) % u)

(22)
finaily ws ottaiz for *ne mlcoity potantial

Liimhient
@(ﬂél.ﬁ’-iuﬁc ‘1 ?%_&_q.z I,(!n 3) inh(e %)

net En(s:'l) I,(Ja‘ -O‘h("éb 23)

The pressure iiastrihuticns sres

P - (3, & wi(T-2 ¢ aaf"“‘ﬂ)

{2ha)
Mn""?(}f‘% AL 2la- ”“’S]) )
Lo~
Poa “-(’(}%)g- +258[a-rwsp| (2e)
which {8 )
Puw ™ =0 A 7‘_-.,. PRLLICEY )
Tl enite 2) ) 28)
4
T"DI\%-L‘ﬂ-Gunﬁ )a
Prowm = =8B, Tt Lhz | (250)
B ‘ 1 aQ
’_4_7 L,/s.%) tanh(p2

Q); - 4 ’
i L ! PD! n r ::¢¢ 4-03}
.p'op L) = ?QL999'Uta&usp(‘ {2%¢)

"/—’ Io\!n.; ~"‘“1(

o - )
"""rfz-nx(s) [ ‘°(“9 il ?

4

((9-5,cF)




wath formula "'.:1,‘ st lee Tsfe T _
s * - Q‘
;e r

i - '

il (e 5)dr = 5w Lle
[ ]

we obtain for ‘sns .orert arcund the center of mvity

2%

M:-mfzmgctu#} T) ‘ﬁ
' |

——*—;":;, :

\

? (26)
Sirce . “‘ en (8" -’] J .
t
"'L'{;a, & (tx =)

the -xsment is tien danh(B L)
B4 utf W2 i : : -z“
Stince

2n

~ \ Y a
M= l0» -Q'01
‘a0 noment 2f Ltertia or s f.11d eylinder withi {ncorpressibls axxd none

Tiscous 11.L: B i
1carn(3]

. o Y
Ly - - - -
L= ma'fiti+f - 42, UITAT) B S
were
Las ma‘y ,-ﬂ%f*".;’] (258)

1s ‘he roment of {nortis 1 a rigld cylinder with haight h ane radius & and

(29b)

19 the correetion -c:ent I irertis due to tha fact that e 111udd in
tha eylinder 13 -0% = ,:3. (¥Ls. 3) Ia Mg, 4 e ratic >f the mammnt
of inertia of ‘e 1:14 and rcmsat of losr ia of the “frosen state’

ie skowm,




T e e e - ——

«lC=
-\..an‘n"'?ll' - __‘i
- ( n &
W ‘H +D \ '0‘ 6
Logd o e 3 Y 5 S -
Tt M"{ A S B S
ror‘, (29@)
F‘or_.:__, D 48 obtain
'y
lim IL_L) o8
%..- kv’;‘
and for h - 0 -
' ..
T--.o 'L'l"l‘ .
Y. A LAY ST R CULTTRICAL TV

.

Por a ar tlly f'1led cank the -oments have been ootained in lef, I
and can ve agen fro '.vre,

{a) Tcanslative .atisn ‘Fig, 1)

The mwment < f . ‘ranslative motion mterred ‘0 tie umiisiur.ad

50815190 Af *he can‘sr of pravity of the 1luid (s /Cee 57 « lof. 1!}

:—N Nl.{enz) “' )gd)ﬂ-’-.&l ,.;d ] (”)

Entnte -:- .,)

W*w P -nz’—;—-r

O with

(o
——
. ' i

sdaiedy T8

= £ e 0éatannita B - ) |
a'u'x.e'“'mav ' y{mlg, ‘) - Q“)*m)f )

(2%

intreduciny a dacoin factar \a e wty we Mu W hef. ., we otMn Jr

the ~ornant

L
i IR LLTTd
.Ll Y , 7 ~§l' 1..-':.:! 1)

l‘ -n®

' 2Reeig )

.t
\4- Wi, & mg

2k /]t

la'tla




nd £inally for ‘.ie wmen! of ynereda (Xt 16, )

e
- ‘.'l,‘:_':'-.'",f“ulnltni‘\, g
- 0ear) (St 7 IR,
“core MGLZ N :.‘(.‘n‘w-(“" v ot (‘ZT l..x‘m." (13)
LXY] ju)
* 5. <."‘_ ) n r'
r - . S——:a(‘u-! 2}‘6-" » )' J..[t.“’ (’1‘ s 6) (33‘)
TR . X
el L= Callba -'ﬁ_;:, mg Z)

) Zataticnal “ation (R, 1)

The nonent meferred to ‘le 'nilsturbed poeiticn of the center
of rravisy of *la fluld {or « pareially filled eylindrical tank nerforme
155 8 rotatiocnal rtion vround tne ¢ - axis re eshown in Pig. 1 s

‘Cee (26) 8%, il

-

. - . . | Is 45 !
‘f..‘)aﬁe"*al_:\--.b — e 3 O 2 - - ) .
» . 3 8 s ‘2 -7 ;"({“'ixa',l" I(‘. L X ™ Coe (&
1
€ t ! - 1 i -
[ ——— o - - - ——
‘“.f‘é.g ‘26.)’{“ Kvpw Rl ,.;)TANnIC.'S)fJ
’3L)
o
-ince (—'..'%f“"..("&’ (Mo 23 )
ard ‘,—.__ :
8 G railaten) g, 1)
We “i=ally oo v L‘l'roduetr:y a damir- Lictor
\“"-u‘a.e'd" "'(a,’~'2j\-._-: f!
et C o t[o“"f .ii_.l.. ‘:’5)
LR "J. 3u Q
” "’l. e LR
S SN N1 —_ar . 2+ =12 rammiE,l) - 35
.-'J..‘.»I&) c.g ""'{.2} -.1 "l'l' ii hd
] ai.e . ~
-3 -i.r,q.'n“ .1' == - ‘_‘
-t ;.g ) ‘/ ';"..'“"i)f(
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T and finally far *he rorort of inertia

{rot}
rr.r . I + In"

T Lemat ] $oef
‘
..m 2 g’
ot 2~¢Z PITEN "V-‘a""g Z) {(asnl{.a) £y ’"(c. 7% -ii- WT .

+ 2 2163 raun(€al)- Jﬁ‘—fg raun(¢al) ’(%-&) ({,3}':"(5..5’} (2¢s)

L. nb:
~a 3

[ ]

-2
S

: 4
=nt ‘;T"'. \én "}‘ _‘-5 &u’ °—\ {.‘”‘”6'2) n?

5,
§) ’[_; Taum(Ca3)
("60)

1 i

jo

e 2o gy ammn) - 35 = o reiend) {2 o Fend )

furthermore we obtain for the ratio of the mcment of ioertia of the fluid

and the moment of xmnu of the *frosen auu' ot
‘ I’ q—%
t""' s - 1&)
["’.‘ FopL IPLITR C.;( _f....’ ~')(_-uh(r.--‘) (f a)nnﬁ('-ﬂ
3 __..__*'ﬂ': B Jtanh(t.k) - 5
P h " — - *o— a <+
. &2 hnh(ha) ‘n (l ) 3 ‘tnmi )

(-—) ('nl) te.nh (kh)%

wvhich 18 showm ia Fig. Y.
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71. APPLICATIN
In 2 comaletely filled cylinder the noment of inertia for a rigid
xdy vas croprad "nd the ~orrection noment of inercia due to the fact
that ‘hs fluid in tre cylinder ir ‘deal was calculated and granhed,
The va.ius
- rgT‘?:—:m -1 L.u-’-'n
P

tends forh —e 3 ¢
s

_l- ( lt.'l

SInu

sim, 3 sheus t.e ~engnts 9! inercis ~nd t.e correction ‘e,
The correeticn oment of imnia for & fluid -ass wvaiil r ree 1luild sure
face due 3 tranwlative ami rotetional ~otior wme ccleul:tee o “Tanhed

fz2r the valve

2 e




o e et . ——— -

-lh-

Different campirny: values g

and various trequencies
U‘ a Ool Ut‘

Wt e w!
we 23w}
w'e 1w
whe ¢S5 U;‘

(See Figu§®and 710, 9,02

Vil. 4PPENIX
The solution of tin lanlace equatiocn

1;‘ s )

ves found as in ‘af, 1}
S, [A. cosn{Nal )P Basinmi An l)}‘:’:. savd s Da v Jdi I,00.m

with tha boundary cenditicn

%gi- ] fer r - e, va ddtain 1viddae

which is fulfilled for
v

A.‘% (ﬂ'l,:.],-o-}

where the ¢.° e ‘he sares of [,
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The preralrdis ‘0 .2 0 T comditicns TUku LG TNe TWO equrticns
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frec voles e wloadictels ttnoceacl kdd, .ot
o - L 2L I
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P T Teg cae D €1, te artals two licenr aruaiis-s fov
nt
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LY asvdey " Sar
& L '.n(l:n"‘)‘,ic-)
s
fa 3,
Ao on 1) Bacorn($]) oo L2Gu

Lactat=1)li1en)

U U oslTins taae vttty we o tAals for fne tolocraticn eonstent
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A_‘ ane 2_._
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~lCe

Intreducing this into @ , wo rinally ootain

fw"(é'-}.]
O(r; 2,* 1w, e acoalz £.(£,. “II (Ea) l"’““"ﬂj

and Yy mplying (17) rnd (L) tha valacity pelentlalst

r—- ’” y ‘ N
o fé r \\ Y ,"!.’(6"):
IR TR R L U (1) 92 s m(Eag)]

27V
For a tank of radius
100 o
and & Nuid wight
he 200 am
£111sd with liquid of density
gl gr em!
The mcment of inertis was calculated for s pertislly 1lled tank.
Aeccelaretion S «1000am/see’
. lel0 cm
Maximm rotaticn angls &= 3°(0,0023)
{0106

Zoroed frequency
-1

-1

£ 3.5 sme
we )1 see
redk

fluld mase == l'es"ng ok &8 .l‘is 2.

We ootatn P
7 "':7.\(! -‘-":H‘ -?:"'Q" f-XX-‘

bt
!

=
P
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The welae, widch cunsiders only & xzadspoint 7or the {luid in the center
of gzravity of the undisturted flud, is
_]:- mi* a5 10" grem®
The error {s adout 2CE, “ut 1s of course corsidersbly igher ia
resonance, which 1s Tor *his 143 Meight and arceleration at sboue

£ e 0.5 sec.”t.
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7:I11. "CRQISIN

The moment ¢’ ‘nertia of o .uqutd in 8 circular cylindrical tank
can be considaredly diffaront from e moment of inertia of the seme
Qluid ia & "frosen state”.

The fvid dynamics equations wer™w solved for an iscempressidls and
nonvigcous liquid in & completely [1iled tank. The mosent of iLnertia
ratio of the ideal fluid and *he same (lutd in & "frosen etate” ws
graphed versus 'he fluif hei ht ratio =/a. It s eeen tnat for very
mmsll and very 244 fluld Meishts tiw vilus arpriaches 1. The winimm
valus 12 sprroxasately at h/a @ 1,72, Por a tank vith & square ‘ase,

*the mirimum velus would e at ‘:)l v 2,0, {.¢. the w: amount of
fluid (sphere in e center) 's not aflfected hy the rotation arcund the
conter of gravity, in s sircalar sylindrical tank, °M minimm velus
Of the moment Of inerela ratio is 1t 2 heirht ratio sormvhat smaller
than 2.0 because of the clircular form., See Fiz., Y s L)

The moment of nertis for a rar<laliy filled tank verfcrwing trefise
laticral motions was ottained "rom Peference 1, and was grarmege Jor
4 flerent dampirg wluss g Paferwnos ) versus fluid heigar retis Na
(Fiz. S = 2). 7t can be sern *hat :cnsiteradla -Afferences oceur
compared with the woment of i{nert'‘a »f *he sams fluid (n & "frozen state’.
T™he forced frequency olays an L-popiant rcle #ich ran be seen 7rom ‘ha
Techh.

in Fige 7, .2 rtRii0 2f e -cment of 1rervis of 'he {luld and the
acent of ioortia cf ‘e (luld o a *frowr state” {4 sTepmed versus he
tluld bed. it retio /s for 4iffarent famping values azd a1fferent fored
frequencies for a -ar°{ally filled %urk, for wry lov forced freqmussncies,
{t can be sesn °ra’ tre wcment 5f Lnertia retiv s Jdecreasing wery repidly

‘rem unlty At e fliid4 netgnt retio were ‘o ™all ~iues ‘or mmall “uld




heipnt ratics. At a 1l hes,nt rcut 2qual W re ciametsr, the ritio
{8 yraduslly increasing to 1, ard the damping effect {8 of less i-pcriance
because of “.e greater f1uid mass that takes part in the cacilht@n. Fer
increasing {creed frequencies, the curves srread ovt farther, Near ™asco-
ranoce, for fluld heights less ttan the diameter, the valus of t'e -roment
of i{nertia rati> -ranges consiceratly r5r 1 ffepent damring vilues, These
throretical values, ¢ rourle,luill te smaller since the 7lui<t surfarce
breaxs up., For hisher fcreced x“requfncie-; tke moment of irmrciz rat:o
will ta (reatar ¢ran lltor small rluid reichts since tre rircles on tre
£1.1d surface Jre of the =2,nitude of the fluid heirht, vrile fcr increas-
tnp fluid hei, nt, the ratic {s smaller than 1 ind ‘nereiscs srry slowly

to the valus i. This is due tc the fact that the small 7lui? surface

dcflection acds cnlv a very small amount to ‘*he ~oment of inertia.




— - . —— — - -

«20=

X. JrXIces
1. Selmat 7. Bamri TMluid Ogeillaticoe in a Cyliadrical Tsnk®,
ABKA Bopors Di-TR-1-58 o
2, Solamt P, Mavwer: °*Fluid Ceeillations in Cylirdrieca) Tunks
.wAth Demping®. ABMA Report DA<TR-ipm58

—— .




P 914

MNVL VIIHAONITAZ G274 AT WILNYY

Q €. a

f m\




[ il =9 ‘-:- §'1
! ! K 4 .
: ! Yy ;
[ A : ! '
: : LK ;
' |:@ i t
1 ; , l :
: 1 | t\\ TANK
1 I
1 1
| I
‘ I
| {
L.—--—-——----J
/
!/
!
/
: /
/
/
/
/
/
/
;
3‘\/ '/
g V) Fig 2
!
/
/
/
/
u MVOT SCINT

“QRIZONTAL MOTIOR AMPLITUDE 1S X, . jye -
ROTATICNAL MOTION AMPLITUDE 1S 9 .« 5 =

-—— - -




(¥NVL 037104 131279W0)) —
AGQOQ GI9IN ONVY QINT3 Y301 HO4 VILHIAN! 30 ININON £ o4

e e _ s (e I ni

) .
i > l
w06 . 0¢ 0t (o]
L

4]

Il

— e

D5

oW

-




i

{(¥NvL 337713 AIILITEMOD)

m.o.hdz AHOI3H O!INT1J SNSHIA VILHINI 40 LNIWOW 40 Olilvyw ¢ 9Id . ~

S O

o¢ oz 01 0

(8]




) " ek
{ ORRECTION OF MCMENT COF .NERTIA (=)
OL %1 FOR TRANSLAT'ONAL CSCILLATIONS fmal'a

302

CCRRECTION OF MOMENT OF NERTIA
FOR TRANSLATIONAL JSCILLATIONS

3, vomn |
3
" "
L
2 cve
o - Y
~ ‘1!
!
*
!
Y
, " .. 0ed
o 3 «0ee9
) ) .
/ Zoocrmdeaoy | ”
! . : | T M’ e120)
/ t '“"s'o. ABOVE / U {VALID ABOVE
oz - : / !.,.‘
= ' o Y o.e Y
z= FRAE R - A
] L IS P 8 3 3 3 ;
F18. Slad
'TRE) c L LR
h&ml I (vane) |
yEEIN  CORMECTION OF MOWMENT .F ‘NERTIA ='=‘""3-.§ SORRECTION CF MOMENT OF INERTIA
imay FON TRANSLAT.OMAL OSCRLATIONS "“'\. 9 FAR TRANSLAT'ONAL DSCILLATICNS
]
5
.~

S-SR AR SN, JEees SRR
2 L. 2 IS 3

/P e

¥
‘i o« ey i
1 -2 "y
’ - 4;4., )':-.-;-:.:-,) v . Y
Y . 4 ree ivaLd _l.UV( . o - f"
- } . AR P
.“t——é T e : 215
- - - e« “vI'wmTe . 22)
H Y T 3 . b T ) vAL.D ABOVF
3 3 g




r.e PHASE ANGLE FOR MOMENT OF
INERT'A CORRECTI”\ FAR TRANS-
LAT/ONAL GSUILLATIONS
90
£ -1 d =038
. Y -¥ .1/
rv.] 3 : «J 949
200
ack
!
i
Y]
l‘ 3' 1069
-{ ) . N Lico TONY 1 203 san0 ave |or i
e ] 3 4 s )
Fig. S(b)
PHASE ANGLE FOR MOMENT OF
INERTIA CORRECTION FOR TRANS-
LATIONAL CSCILLATIONS
o »
200 weor0?
B el HI R ol _JCLR 1
o N e w10 01949
|
b1 3
]
w}
Y
O S T 1Y
i - o seve e
oL -  0rcre di 20y

2 ] . Y [}
]

fe  PHASE ANGLE FOR MOMENT OF
INERTIA O ECTION FOR TRANS-

LATIONAL OSCILLAT!ONS
: 2:09
200}
o eoe—=m e ——— w e O N1
80
®.0r07
120p
T 949
[Y.1% ) ~ei0ey
= f.-O'G’-‘ e 20
L Do 3 ITYSENY PP X K
1
,) e - . e a—
2?2 h) 4 A i
PHASE ANGLE FOR MCMENT Ok
INERTIA CORRECTION FCR TRANS-
LATIONAL OSCILLATICNS .
200}
sop - - N :-o!‘.
. - - Q707
204 -
e e o - - J9e8
—_——— ey e - | 049
tor —— - ® 0 '0Teme. 2%y
-

cae O ABOVL i'




oot

0 of [

6vC - + o

0t M g™
MWNVL 40 NOILOW

3701V ISNVYEL 04 370 VILHIN

40 (NIWON 8O3 NOILIIWMOL

-]
Wos o o5 c¢cz o
A 1. e - 1
e BV R \“"- ]
- -
ChEN L o1
(X1
0z
2 b ﬁ
[] 0}
los
OV
(01+%  3A08Y Q1WA)
[ad 3~ L 06
Y02 - m &0 &
NNV 30 NOILOW 1.0dul
ZALLVIENVYL 04 3 LE3N 5Tes | !
3C ANINUW 804 NOILDIHUOD (sway ' |

o ¢ © —= oum —— [
ot Tl
Doyt
&K - O

g [ ]

Loz fros
o¢ losg
Lo 6 b Lo
Fros$ 'kl
ﬁ o v o AR J
04 0 d

. 60 +#
oo Loe
[X13
ev6( - - (1 3 1P
~08 ~
T E6C g™
1.0du] ¥NYL 40 NOILOM _ﬁootb_
YTER IAUVISNYHS O4 3N0 VIININ SOF
oo b | 40 AININOW MO3s NOILI3FwK02 _to: ' _
]

[ ] ]
Vo¢ oOoe O 02 O Goc O©0e¢ o0t O3 O©:
e G - g T . 4 - ©
_ o Lol
[ ) e = J‘I\ (X4 c ot
o .- s == ot
“ o 0! o fﬂ [
¢t
roz b o3
i
t
* o¢ Fo%
ﬁ.Oo Loy
40 T 9L ¢ =
L o, U0 e ™
XNVs 4C NOTION ?.e.\:“ XNY1 40 NOILOW i oevul
IALCILKNYEL G2 3N0 Visd3n f2:¢d _ ILAVISNYHL OL IN0 wilMIN 20€C 5 |
U INFHOK BL3 NOLSITeBCD ._toe i 30 ANINCA 803 NOILDINECY (499,




M DEGPEES

PHASE ANGLE

: 2
W= 0.56) PHASE ANGLE FOR MOMENT OF
WERTIA CORRECTION DUE TO
TRANSLATIONAL TANK MOTINN
200
FIG. 6(%)
180
120 W, € .1 209 (sbove §er0
: W, 0107 D . m :
= . c . ‘0
\~ .. o ——— = o B ‘oou
40|
9:00%
g —-
' 2 3 ] s N




W OEGREES

SHMASE AMGLEL

PRASE ANGLE

‘N DEGREES

200

"o

Q-

&0

? ?
WD 8Ly -

e C
30093
3°99
910

)

. rr07

(] °

R o——— Eadt. e —
LY
] Fd A} 0 - .-a
Jorug
:01 T“

0
9°0 2
-.ow
'L K

(¥3)

*.ow

o O 6

] 2 3 . 4 0! ..} i h .

PHANE ANGLE

1IN DEGRELS

PHASE ANGLE

200

160

120

4C

200

160

122

4C

Py <
(022100
W.voaes
L L] ¢]
¢*0%
9009
rd ‘lo e e e eoee - ——
] 3 ] L] Ja
2 2
C(..Oo..)“
[ Y
e-0NS
g R
g 0
8.
bR} O 943
b e e ———— e R
' S L s s

o




— et o -

(oot
|3
e’ /!
L4
CORRECTICN OF MOMENT  =- as '
OF NERTIA FOR
0}  ROTATIONAL
USCILLATIONS
1)
7Y )
49
.  yae
24 e
[+
X007 > ey 20y
] D MO
| 5
o
}
ol
R ’
’
H \ .es- g
"o —_—— 2.y v
- Ay -
2 2 ) . s %
F1e 7¢
L ¢ T10)
vty
3.9
| CORRECTION OF WOMENT
| Of INERTIA FOR
"t aovamiowaL
i BCILLATIONS
c§ :
f
“
‘*
4
!
4
Y
d
¢
. a° =
To-ea
. -
2N = '

"ég" A
it
¢°008
CORRECTION OF MOMENT
OF NERTIA FOR
104 ROTATIONAL 2eig0n
OSQLLATIONS het
.“P
hé §
L[]
2
8 Se0e

.0 07 Bei 23y

"S- WY o ¢
‘o
" ¢
o "
o
-
¢ ) %000
r S~ ’ e —— %00 %!
e
& ' 1 3 s 3
irot) N
1'3"‘(0)'
o yet)
] COMRECTION OF MOMENT
‘ Of WERTIA FOR
9% porvatrONAL
i CSCILLATIONS
ol
W
a4
!
i
¢
1
't
1
Ty
IXEY . TIN STIN
‘- .0 saOvE
%4 00
4 LRI
] lom LI
' - "~ 4wy
i‘ﬁ_—.—. h .
- a L] A




PHASE ANGLE OF TeE 30 : PASE ANCLE CF ThE 3o 0%
CORRECTION FLA THE o CORRECTION FOR THE
MOMENT CF INERTIA 3 VWOMENT OF NERTIA
001 OUE YO MOTLYIONAL ' ©o 2UE TO ROTATIONAL
OSCILLATIONS OSCILLATIONS
l v
.oJi 0
i SN Y Y I NSO
H i
| —— et s = =~ OO 949
1204 o d
: oo ror
i . Wl
A e 0107 2904 o
no: Weoro . a o%e
#4<0 3e
1404 ' le
. m; s oo e e . &uog|
"01, a ) C e e e eee o= ple0 O7suei 203
g = SRR - . | : ~anve cnanYvaL0 Bove )
.Q' 5‘ b ,°'.S,“ [{-} ] lo?
| vaL10 ABOVER e 1 5
510’ 1204
B !
\ {
g n
) ' T 3 e 3 3 2 vt 3 & 3
F1G. T(b)
¥ PRARE ANGLE 0F THE 3:03 - SASE ANGLE OF THE 3°10
a CORPECT:ON FOR THE : SOMRECTION FOR THE
‘ MOMENT OF e RTIA i WOMENT OF NERTIA
L4 SUE TO ROTATIONAL ) JUE TO ROTAT!CNAL
CSCILLATIONS JSCILLATIONS
SO wWe
o »
100/ 0!
t
ey . 204
o : Zeavee 0 oo see
v :'-orcr-:'f-xcs . oo~ 5..--0‘0
a0 . ’ ALID 490t '. (-1} a0 : ?w‘° “9%Pp1 20
' ey o LD ABVE -
200 - 1004
w9 W6
0¢ -, o0 ¢ e W
-ey ?d? =
-~ 0
4 e Do Sk
e C.
— . == B ——————




T4 v a ———

COMRECTION FOR MOMENT O COMECTION 'OR ONENT OF COMELTION PO W NY OF
AT OV 10 AOTATIONAL AT DUE O BOTATIONAL i ATA g T SOTATOMAL
) WOTION OF TANR MOTION . ¢ TANK SOTWOR 0P 1hem
e o
Gow' { L% |
x T ow
| H
af weOt! o
i |
.4 L1} P
j.g " 2 2 3'0“’ 0%
9 B
‘; 3007
(X} ¥
) )
!
[ %] "
i '
0* [ XN
! 1 .
3 s
E P 'i R " A
\J L g SRR | L
- .l '
- ) - | AT PR L=
] \ . . ) - [] Al . ] It L
fi1e @
ONPECTOM SO0 MOMR AT oF ¢ SORSECTON 108 wOMENT OF
L SERTA OUg YO ROTATIONAL WATA OUd T3 AQYATIONAL
": woTION OF Tana #OTi0n Of TAwe
{ (R E ]
" . &,
‘ ."1
. .
v L]
i
. | .
. ot = ¢ 33w
3 .
i
l‘ o
L H:0%07c §¢ i p0Nmmay] +10;
0t Mo ia % . 8 a4
. o
LK) ' 308
i ‘
1] 4 .
' / 808
c; [ R4 L} /
/
/ "
l'\ " " »
I..\J o= 'L_/ Pty




ot hieal
[ XY 1%

(UMAL e
FOR g RO NY F SefR?.a
AL TU WMI“_ TR W Tl
A
E ]

Peagl Awwmt F T

| - T¥]

g Sasling

e ! O BIRTS
~

»

-4



w0 R T " 413w,
! SO0 ; ~
N el ) / N .
N 9. T - . 0
108 __ Cs
t 103
l v ; ]
3 2 s . 9 e . ™ ..
!
+ LJrond
i -
e’ 4008
Q T 90
1 .
Pl N L] b]
IANO OF MOMENT CF (NERT'A  F FIU!0 AND
A0TY VERSUS LUID mEcef FOR AFFERENT i RFLENCIES flg 9a)
AND  CamPInN'.  PARTIALLTY ik S  Tank)
! < . .
»! RTINS ¢ S0
f
» .
H
i
o )
i
ai
|
+ oV
b ]
gt
. e
‘
V9 ‘s '
] >
H )
" e . T . —_—
} . 0 °
- - =..




w oe o ]
.M.Vﬂ

. W

oY

so8 10

il

i

(X J

Pary

o Yy s [ O

Ll F

\

\

" peop

. - Al
by
e
il
pot
.\v -
QIR N o ¢
o — .
€] . A
TTT o T T 74.41
~
% 21
- 60-.!.
e
-k o
-
”
o g
1
v P 5
- - 47 R )ome ccoe o o
—.
'y
]
e
%4
e
98
Lga ] ‘.s..A. e
~ N
»s
x v
b 6. 2 1%
TTINg AV Ve SATE Ay
)

AFISTWINY 10 30} - 0
e VNI SO 0 PROR
) Cve &) ) NOY Jevmy

%

$o-ad

-
LN )




